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II B. Influence of Smoking on Alveolar Air and Blood Levels 
of Carboxyhemoglobin 

Jongbloed (1939) analyzed the carbon-monoxide content in alveolar 
air. A trace of carbon monoxide (about 0. 0001% or 4 ppm) was detectable 
in the alveolar air of nonsmokers. In one smoker the content was 10 ppm 
in the morning before smoking. Then the subject was given 4 cigarettes, 
each one taking 12 min to smoke with an intervening 12-rriinute rest period. 
The results were as follows: 


before 1st cigarette 

14. 0 

ppm 

after " » 

17. 9 

n 

before 2nd " 

19.4 


after 11 " 

• 23. 2 


after 3rd " 

27.1 

f f 

after 4th " 

31.5 

ii 

32 min after 4th cigarette 

29.0 

it 

52 min " " " 

26.6 

ii 

72 min " " " 

23. 7 



There was a progressive increase in the level of carbon monoxide in the 

alveolar air up to the end of smoking the 4th cigarette. Then a fall 

occurred in the concentration of carbon monoxide in the alveolar air. 

Other investigators have confirmed the observation of Jongbloed. 

Ringold et al . (1962) analyzed the expired air after a 20-second breath-holding 

period. The mean ± SD levels of carbon monoxide were as follows: 

Nonsmokers (93 subjects) 0. 8 ± 4-7 ppm 

Heavy smokers (41 subjects) 16.4 ±12.6 " 

Light smokers (25 subjects) ~ 7.7 ±10.9 " 

Pipe or cigar (9 subjects) 3.8 ± 4. 9 " 

Cohen et al . (1971) reported similar observations and correlated expired air 

levels of carbon monoxide with blood levels of carboxyhemoglobin. 

The results of investigations relating to blood carboxyhemoglobin . 
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levels are summarized in Table 2, The essential features of the table are: 

1. The 11 investigations consisting of measurements of carboxyhemoglo- 


bin in blood, resulted in a mean peak level of 5.26% in 29 pooled subjects. The 
net effect of smoking which was calculated in 15 subjects was an increase of 3. 81% 
of ca rboxyhemoglobin. 

2. There are isolated values as high as 12. 3% (E'arach et al , 1941); 10%: 

(Ruhl and Lin, 1936) and 6.5% (Whitehead and Worthington^ 1961). However, since 
the control value prior to smoking was not measured, it was not possible to cal¬ 
culate the net effect of smoking. . 

3. None of the investigations summarized in Table 2 determined the duration 
of the rise in carboxyhemoglobim On the basis of work concerning experimental 


inhalation of carbon monoxide mixture, the duration depends on the concentration 
of inspired air. There is probably a slow fall in carboxyhemoglobin until the next 


cigarette is smoked. 

After cessation of smoking, a reduction occurs in blood levels of carboxy¬ 
hemoglobin (Belli and Guiliani, 1955; Ramsey, 1972; Rosenberg, 1968, 1971, 1972). 

t * 

The rate of fall in concentration was accelerated by exercise or muscular effort 

("Castellino, 1955; Crosetti et al, 1966; Shields, 1971). 1005051083 

Animals have been exposed to cigarette smoke for the investigation of its 
effect. The blood level of carboxyhemoglobin is elevated in mice (Leuchtenberger 
et al , 1965), hamsters (Dontenwill et al , 196f>V 1967) and rats (Driscoll et al , 1972): 
In the last-mentioned species, the blood 1 level of carboxyhemoglobin was influenced 


by the nature of cigarette used. With unfiltered smoke, the rat held its breath, 
whereas filtered smoke was inhaled with continuation of thoracic respiration. 




(Table 2 appears on the next page. ) , " 4r> 
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Table 2. Acute effects of cigarette smoking on carboxyhomOglnbin levels. 



1 


Refc rcnce 

Number of Cigarettes 

No of 

Peak CarboxvHemoclobih blood level 

sji 

(Year) 


Subjects 

Mean (Range) A 



L-anson and Hastings 

10-15 

6 

4. 3 

(3. 1-6.7) 

(1933)' 





Ruhl and Lin (1936) 

1-2 . .. *- ‘ . 

’ “ 5 . 


.(3.2-10) 

Schmidt (1939, 1940) 

1 

1 


41. 1 

* -*■■ i : v ■ 

5 

2 


41. 6; +4 

Hsi- Pu and LiMing 

1-5 

43 

(<5 in 

80% of subjects) 

(1940) 

■ - - ^ • ' • • . . 




Barach, Eckman and 

20 

18 

5.7 

(2.2-12.3) 

_ Molomut (1941) 

. . ' : 




MacFariand, Roughton, 

, 1 

1 


4,2.0 

Halperin and Niven 
(1944) 

3 

1 


44.0 

Fabre, Truhaut and 

24 

5 

4.85 

42.7 

Berrod (1951F 




. 

Parmeggiani and 

2 

1 ’ 


43 

Gilardi (1952) 





Goldsmith, Terzaghi 

12 

1 


411.9 

* and Hackney (1963) 



* * 


¥ 

Bowden and Woodhall 

2 

2 


41. 5 

(1964) 





Hamill and O'Neill 

20 (cigars); 

1 


.413 

(1969) 

Mean (overall for number of subjects) 

5. 26 


438 



(29 subjects) 


(15 subjects) 


Some of the values were reported in volumes % and are expressed in this table as saturation %.assuming 
normal hemoglobin values. 


MM. . 
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II C. Passive Smokin g 

The phenomenon of "passive smoking" refers to the exposure of 
nonsmokers in an enclosed space containing smoke generated by cigarette 
smoking. The consequence to the individual in such a situation was first 
described: by Jones et al . (1923), who studied the occupants of a non-ventilated 
room of approximately 1,000 cu ft capacity, filled with smoke liberated from 
cigars, cigarettes, stogies or pipe tobacco. The highest concentration of 
carbon monoxide was 200 ppm and the highest concentration of carboxyhemoglobin 
in the blood was 5%. Within 15 min, the occupant became uncomfortable and in 
45 to 60 min it was necessary for him to wear goggles to prevent eye irritation. 

Yaglou (1955) determined the rate of ventilation for a room of 1, 410 : cu ft, 
which contained 3 to 4 smokers consuming 24 cigarettes per hr. The passive 
smokers suffered from headache, watering of the eyes, irritation of the nose 
and throat, a feeling of depression, and loss of concentration power for reading , 
when the ventilation was less than 15 cfm per smoker. A ventilation of 25 cfm 
per smoker was considered as acceptable in preventing these complaints. 

There were no analyses of blood reported for the subjects. 100505108 *? 

The consequences of passive smoking have been quantitatively measured 
by OetteJ (1967), Markiewicz (1970) and Harke (1970). All three investigators 
measured the amount of nicotine absorbed by the passive smoker. Only Harke 

m. 

(197Q) determined! carboxyhemoglobin levels in the blood: of active and passive 
smokers. In a non-ventilated room, 57 cubic meters in size, filled with smoke : 
liberated from 42cigarettes for 16 to 18 min, the level would reach as high as 

4 * „ -' ■ ' 
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48 ppm. In another room, with a size of 170 cu 11 smokers each consumed 
9. 5 cigarettes within 2 hours. In the presence of a carbon monxoide concentra¬ 
tion of 30 ppm, the 11 active smokers had a mean carboxyhemoglobin level of 7.5 
± 0. 8% in the blood, while the 7 passive smokers had a level of 3. 3 ± 1.4%. With 
a room concentration of 5 ppmi, the respective levels were 5. 8 ± 1. 6% and 3. 3 
± 1.4%; with concentrations of < 5 ppm, the blood levels were respectively 5.0 
± 1. 8% and 2, 7 ± 1.2%. The effect of exposing the passive smokers to from 5 vy 
to 30 ppm caused a net increase of 0. 5% in carboxyhemoglobin. ' 


From the above results, Harke (1970) concluded that it is unlikely to find 
nonsmokers in a room absorbing a significant amount of cigarette smoke. The 
criticisms by Hess (1971), Schmidt (1 971 ) and Portheine (1971) were largely di¬ 
rected against the measurement of nicotine absorption. The comments regard¬ 
ing carbon monoxide were answered in a rebuttal by Harke (1971), so that the 
carboxyhemoglobin levels remain valid. 

The "passive smoking" situation has been determined by measurement of 
carbon monoxide in the air. Dublin (1972) reported a concentration of 20. 5 to 
32. 5 ppm in a position next to the smoker in a room ventilated 12. 5 times per 
hour. At the far end of the room the concentration was 13 to 17 ppm. Passive 
smoking has also been investigated in rats, mice and hamsters (Reclczeh et al, 


1969). In these studies, nicotine was also absorbed by the passive smoker. 
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II. D> Carbon Monoxide Content of Cigarette Smoke 
The presence of carbon monoxide in cigarette smoke and its absorption by 
the blood were recognized as early as 1899 by Wahl. By shaking a few drops of 
blood in 2 or 3 mouthfuls of tobacco smoke, he studied the uptake of carbon mo¬ 
noxide from tobacco smoke by the blood of smokers. The presence of carbon mo¬ 
noxide was confirmed by spectroscopy. Wahl concluded that the quantity taken > 
up was insufficient to produce any 111 effects. A similar conclusion was arrived 
at by Lehmann (1908), Culverwell (1915) and Dixon (1927 a and b). 

A more direct approach has been to-measure the amount of carbon monoxide 
liberated from cigarette smoke. One gram of tobacco yields a variable amount 
of carbon monoxide, depending on the method of obtaining the tobacco smoke, the 
rate of smoking, the closeness of pack and the nature of use, 1. e. , by cigarette, 
pipe or cigar. -Table 3 summarizes the results of 10 investigations of the amount 
of carbon monoxide emanating from cigarettes. The mean values range from less 
than 1 ml to 62 ml of carbon monoxide per gram of tobacco. A convenient median 
level is 25 ml, which would mean that a cigarette weighing about 1 g, burning in 


a space of 1 cu m, would result in a concentration of 25 ppm carbon monoxide. In 
a larger space of 100 cu m, it would require 100 cigarettes to approach a concen¬ 
tration of 25 ppm, or 200 cigarettes one of 50 ppm, assuming that there is no ven¬ 
tilation and that no carbon monoxide is absorbed by the smokers or by the objects 
inside the room. This calcuation, based! on the amount of carbon monoxide 1 » 
rated from a cigarette, makes it unlikely that enough carbon monoxide can be 
contained in a room to be a hazard to nonsmoking occupants. Bridge and Corn 
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(1972) have arrived at the same conclusion by monitoring carbon monoxide levels 
in a chamber containing cigarette smoke generated by a machine.' 

The concentration of carbon monoxide in the cigarette smoke ranges from 2 
to 7% (Table 3). As the cigarette was burned and became shorter, the concentra¬ 
tion of carbon monoxide was increased (Jarrell and Burde, 1965; Waltz and Hau- 
sermann, 1965; Baxter and Hobbs, 1967; Owen and Reynods, 1967; Krusznynski 
and Henriksen, 1969). 

The amount of carbon monoxide in cigarette smoke that is absorbed in the 
lung has been calculated in a number of ways. Bokhoven and Niessen (1961) mea¬ 
sured the concentration of carbon monoxide in the expired air of the same indivi¬ 
dual with and without inhaling the cigarette smoke. The difference in carbon mo¬ 
noxide concentration in 3 individuals, expressed as % absorbed, averaged 82%. 
Haebisch (1970) performed a similar analysis and concluded that approximately 
7. 5 ml of carbon monoxide is absorbed by smoking 45 mm of a cigarette. Dal- 
hamn et al (1968) performed an analysis of smoke administered with a motorized 
syringe, which drew a 2-second 35 ml puff of smoke, and analyzed the sample . 
before and after the smoke was exhaled by the subject. In 5 subjects, 54 ± 12. 7% 
was retained after deep inhalation, while only 3 ± 0. 7% was absorbed when the 
smoke was kept in the mouth and prevented from reaching the lungs. 

(Table 3 appears on the next page. ) 
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Toth (1907) , i 
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Marcelet (1907) 

20-80 


Lee 1908 • 

i , i’ * ... 

4. 1 


Lehmann (1909) 

15-23.5 


Armstrong (1922) 

0*89-1.24 

• 

Baumbergcr (1923) 

8 . 3 


Ehrismann and Abel (1934) 

17.25-35 


Saruta (1937) 

62.7 


Kchn-Abrest (1949) 

40.0 


Osborne, Adamek and Hobbs (1956) 


3. 3-5.7% 

Philippe and Hobbs (1956) 


2. 8-5.7% 

Stcnhagen (1959) 

(12-53 mg/cigarette) 


Jlumpowcr, Lewis* and Touey (1962) 


5.1 % * 

Newsome and Keith (1965) 


5-11% 

Keith and Tesh (1965) 

r ' .• ' 

3. 2% 

Scasscllatti Sforzolini and Savino (1968) 


(llOmg/m^) 

Grob (1968 ) 


3. 2% 

Harke and Drews (1968) 


3. 4-7. 7% 

Otauka, Fujiwara, tkawa and Hirayama (1970) 

3* 6% 
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III. SOURCES OF CARBON MONOXIDE 
The interpretation of the significance of carboxyhemoglobin levels 
in the blood included the contribution from exogenous carbon monoxide in 
the atmosphere, as well as endogenous carbon monoxide that is found in 
the tissues. The details of the contribution of these forms of carbon 
monoxide are discussed in the articles in additional bibliography list no. 5, . 
dealing with atmospheric carbon monoxide, and additional bibliography list 
no. 6 on endogenous carbon monoxide. Pollution of the air by factories \ 
and by vehicular exhausts are covered respectively in additional bibliography 
lists nos. 7 and 8. This section will discuss those articles that include 
analysis of carboxyhemoglobin in the blood of individuals that have been 
exposed to the sources of carbon monoxide other than cigarette smoking. 


A. Carboxyhemoglobin Revels ini the Blood of Nonsmokers 
It was stated in section II.-A that the carboxyhemoglobin contained in 
the blood of habitual smokers included the contribution from exogenous and 
endogenous sources of carbon monoxide. Table 4 summarizes the results of 
26 investigations of blood levels in nonsmokers. The overall mean for 1,662 
subjects was 1.45%* The individual averages varied from 0. 4 to 5.2. In 
cities such as London,.Los Angeles and Milan, the residents show the 


following mean levels of carboxyhemoglobin-respectively: 3.5, 2.3 and 2.8. 
These values represent a significant contribution from carbon monoxide 
pollution in the atmosphere. * . 
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Tabic 4. Carboxyhcmoglobin levels in the blood of nonsmokerf, 


Reference 

(Year) 


Nature of nonsmoker 


NO of 
Subjects 


pa^-e 33 


Carboxyhcmoglobin blood levels % 
Mean ± SD (Range) 


nson and Hastings Chicago residents 
(1953) 


1.5 (1.2-1. 9) 


Schmidt (1939) 

Meigs (1948) 

Parmeggiani and 
Gilardi (1932) 


Bonn residents 


US army enlisted men 


Milan residents 


0 . 6 ( 0 * 2 - 1 . 1 ) 

5.2 (0^8.8) 


2.8 (0r4) 


Barthe, Paris, 

. Duchemin and Thomas 
(1953JV ■; 


Paris residents 


( 0 . 6 - 1 . 2 ) 


Ruel and Barthe (1954) Paris residents 


Valic and DurLc (1954) Yugoslavian residents 


0* 9 ± 0.42 


Gaensler, Cadigan, Boston residents 

Ellicott, Jones and 
Mark (1957) ./. 

Dahlstrom, Nordstrom- Stockholm residents 
- dhrberg and Rothschild 
(1958) T /~;. 


?: /""Vhitehead and ' 

^ Worthington (1961) 


Warwick residents 


Trinder and Harper Sunderland residents 

(1962) (adults) 

(children) 

Ho^ reuter, Catcott and Cincinnati residents 
Xintaras (1962) 


0.9 (0.6-1.2) 


0.7 (0. 4-0. 8) 


0.8 (0. -1.5) 


0. 9 ± 0. 3 (0.4-2. 1) 
0. 6 ± 0.2 (0. 3-1. 0) 


Goldsmith, Schuctte and San Francisco longshoremen 764 
Novick (1963) 

Goldsmith* TerzagHi Los Angeles resident 1 

and Hackney (1963) 

Bowden and Woodalli Halton residents 42 

(1964) 

Curphrey, Hood and Los Angeles longshoremen 115 

Perkins (1965) 

Ayres, Giannelli and New York residents 28 

Armstrong (1965) 


lbo, Marucci . 
Ronchi (i'966) 1 


Paris residents 


Mcllvainc, Nelson and Durham residents 
Bartlett (1969) 

Lavvther and Commins London residents 
(1970) 
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Tanle 4. (continued) 
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pa'jfe 33 a 

\: %** < » 

Reference 

Nature of nonsmoker 

No of 

Carboxvhemonlobin blood' levels % 

\i, v 

• ' v:'. r> ; ' 

(Year) 


Subjects 

Mean ± SD (Range) 

'•1 ^V' •- -. 

■■ *-;: 7. -V . . 

^^*acoutv Faure, 

Mai lion and Cau 
(1970) V ’ : 

Paris residents 

v \ : 

113 

1.5 

■ :<* 

"•■- ::* V. ■ 

Rouch, Rioufoland 
Bourbon (1971) 

Toulouse residents 

4 

23 

1.6 (1.0-3.5 


Weiss, Slawsky and 
Desforges (1971) 

Boston residents 

13 

1. 5 ± 0. 8 


Motley (1971) 

Los Angeles residents 

115 

1.5 (0.2-2. 9) 

. .. ir.J- <•'■ 

Hansen, Wilke, 
Malorny and 
Cothert (1972) 

Hamburg residents 

37 

0.75 

-• ' '■-' .. 

Arturson, Gar by, Uppsala residents 

Robert and Zaar (1972) 

n 

1.3 <0.9-1.7) 

-v^|- 

‘ 'T:% 

/•/’I 

i 

Mean (overall for number of subjects) 


1.45 ,. 

(1662 subjects) 

*Somc of the values were reported in volumes % and are expressed 
normal hemoglobin values. 

in this table as saturation % assuming 
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